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Abstract 
Ni-Mg-Al hydrotalcite (HT) was employed to test its potential to enhance biohydrogen production with various 
doses, from 83 to 417 mg/L. Experiments were carried out at 37 oC using heat-treated anaerobic sludge as inoculum 
and sucrose as synthetic wastewater in batch tests. X-ray diffraction (XRD) pattern and Fourier transform infrared 
(FTIR) spectrum were recorded to determine structure and functional groups of HT. As a result, addition of 250 mg/L 
Ni-Mg-Al HT showed the highest hydrogen yield of 3.37 ± 0.17 mol H2/mol sucrose, which improved the 
biohydrogen production by 80%. At the end of fermentation process, concentrations of metabolites, including lactic 
acid, acetic acid, and butyric acid were 160 mg/L, 4661 mg/L, and 5625 mg/L, respectively. Enhancement of 
biohydrogen production by addition of 250 mg/L Ni-Mg-Al HT can be attributed to basic property of HT, facilitation 
of magnesium in electron transfer process and suitable concentration of nickel as well. 
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1. Introduction 
Hydrogen has been considered as a feasible alternative source of energy because it has no emissions 
when burnt and contains high energy [1]. Moreover, hydrogen is also an important feedstock of the 
chemical industry and a necessary element in detoxifying some water pollutants [2]. A number of methods 
have been applied to produce hydrogen, including thermocatalytic reformation of hydrogen-rich organic 
compounds, electrolysis of water, and biological processes. Recently, biological systems are getting 
attention because of its environmental friendliness. Dark fermentation has been considered as a persuasive 
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approach to produce biohydrogen production. This process does not require the presence of light and it 
can consume cheap organic substrates to generate hydrogen. However, the most challenging is the low 
conversion to biohydrogen, nearly 17% [2]. Hydrotalcite (HT) is unique material with various practical 
applications in catalysis, adsorption, pharmaceutics, photochemistry, and electrochemistry. The general 
formula is [M2+1-xM
3+
x(OH)2](A
n-)x/n·mH2O, where M
2+ can be Mg2+, Fe2+, Co2+, Cu2+, Ni2+, or Zn2+; and 
M3+ can be Al3+, Cr3+, Co3+, Mn3+, or Fe3+. The interlayer anion An- can be Cl-, NO3
-, CO3
2-, or organic 
anions; x is equal to the molar ratio of M2+/(M2+ + M3+) [3]. Previous studies have been published on the 
application of HTs for biohydrogen production [4,5]. In this study, Ni-Mg-Al HT was investigated to test 
its potential for enhancement of biohydrogen production.  
 
2. Materials and methods 
 
2.1. HT preparation 
 
The Ni-Mg-Al HT with molar ratio of Ni2+/Mg2+ = 1:5 and ratio of M2+/M3+ = 3:1 was synthesized by 
co-precipitation method. A metal nitrates solution of 200 mL was prepared with an appropriate amount of 
Ni(NO3)2·6H2O, Mg(NO3)2·6H2O and Al(NO3)3·9H2O. After that, mixture of NaOH (2.25 M) and 
Na2CO3 (0.23 M) was added slowly into the above solution until the pH was around 9-10 under vigorous 
stirring at room temperature. The thick slurry then was heated for 18 h at 60 oC for aging. Next, it was 
filtered and washed several times to remove the alkali metals and the nitrate ions with deionized water 
until the effluent solution was neutral. Finally, the obtained product was dried at 110 oC for 24 h and 
ground into the form of powder. 
 
2.2. Inoculum and medium 
 
The anaerobic sludge was taken from the bottom portion of an upflow anaerobic sludge blanket 
(UASB) reactor, which was used to treat brewery wastewater. The pH, volatile suspended solids (VSS), 
and total suspended solids (TSS) of sludge were 7.09, 7.7 g/L, and 15.3 g/L, respectively. This sludge was 
heat-treated at 105 oC for 30 minutes to eliminate activity of methanogenic microorganisms and was 
employed as inoculum in the fermentation process. The substrate contained 20g of sucrose in 1 L of 
distilled water. The nutrient solution composition was (mg/L): NH4HCO3 160; KH2PO4 80; FeCl2·4H2O 
70.5; NaCl 0.4; MgSO4·7H2O 4; CaCl2·2H2O 0.4; MnSO4·7H2O 0.6, and Na2MoO4·2H2O 0.4 [6]. 
 
2.3. Experimental procedure 
 
Batch experiments of dark fermentative hydrogen production employing Ni-Mg-Al HT were conducted 
using 120 mL serum bottles with a working volume of 60 mL. Powdered HT form with various 
concentrations, from 83 to 417 mg/L were added into the mixture of 5 mL nutrient, 45 mL sucrose, and 10 
mL of heat-treated sludge. The initial pH was adjusted to 5.5 using HCl (1 N) and NaOH (1 N). To create 
anaerobic conditions, the bottles were capped with butyl rubber stoppers and aluminum crimps, then 
wrapped with aluminum foil and sparged for 3 mins with nitrogen gas. The experiments were carried out 
at 37 oC and placed in a shaking incubator with the speed of 90 rpm. Bottles without addition of HT were 
used as a control to evaluate the effect of HT on hydrogen production. All the experiments were 
conducted in triplicate. 
2.4. Analytical methods 
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The characterization of HT was analyzed by powder X-ray diffraction (XRD) and Fourier transform 
infrared (FTIR) spectroscopy. XRD pattern was recorded at 45 kV and 45 mA at step angle of 0.02o and 
count time of 0.5 sec, 2θ = 5o-80o. FTIR spectrum was tested by Spectrum One FT-IR Spectrometer 
(PerkinElmer), using potassium bromide (KBr) disk method. Spectrum was recorded with a resolution of 
4 cm-1 over the wavenumber range of 4000 - 400 cm-1. 
 
The pH value was measured by a pH meter (Mettler Toledo LE438). Volatile suspended solid (VSS) 
and total suspended solids (TSS) were determined as in the Standard Methods [7]. The components of 
biogas were analyzed by a gas chromatograph (GC) (PerkinElmer, USA) model AutoSystem XL, 
equipped with a thermal conductivity detector (TCD) and a Porapak Q, 50/80 mesh column. Helium gas 
was run as the carrier gas at a flow rate of 25 mL/min. The temperatures of column, detector, and injector 
were 45, 100, and 100 oC, respectively. To determine sucrose and VFAs (acetic, butyric, and lactic acid) 
concentrations, at the end of cultivation, mixed liquor samples from each bottle were drawn and filtered 
through 0.2μm membrane before being injected into the high performance liquid chromatography (HPLC) 
(Agilent 1200 infinity Series), equipped with a VertiSepTM OA column, 8 μm, 7.8 x 300 mm at 35 oC. 
Sulfuric acid 0.01 N with a flow rate of 0.4 mL/min was used as mobile phase. Metals release of 
hydrotalcite (nickel, magnesium, and aluminum) was tested by an inductively coupled plasma 
spectrometer (ICP) OES Optima 8000 (PerkinElmer, USA). 
 
2.5. Kinetic modeling 
 
The modeling of fermentative hydrogen production was based on the modified Gompertz equation, 
which is widely used to describe the progress of cumulative hydrogen production obtained from a batch 
experiment: 
 
where, H and Hmax represent the cumulative hydrogen production (mL) and the maximum 
cumulative hydrogen production (mL). Rm is the maximum hydrogen production rate (mL/h); e, λ, and t 
are the Euler’s constant (2.71828), the lag-phase time (h), and the cultivation time (h), respectively. 
 
3. Results and discussion 
 
3.1. HT characterization 
 
As can be seen in Fig. 1, the X-ray diffraction pattern of Ni-Mg-Al HT demonstrates a well-
crystallized HT structure. The graph shows general features that are typical of all hydrotalcites: the 
presence of sharp and intense lines at low values of the 2θ angle (2θ = 11o, 23o, and 35o, corresponding to 
the (003), (006), and (012) crystal planes, respectively), and less intense and generally asymmetric lines at 
higher angular values (2θ = 39o, 46o, 61o, and 62o, corresponding to the (015), (018), (110), and (113) 
crystal planes. FT-IR spectrum of Ni-Mg-Al HT was collected with the broad band in the 3463 cm-1, 1635 
cm-1, and 1383 cm-1, which indicated the hydroxyl group O-H stretching, H-O-H bending vibration mode, 
and stretching vibrations of interlayer carbonate ion, respectively. The region 419 - 824 cm-1 was assigned 
to the stretching mode of metal oxides [8]. 
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Fig. 1. XRD pattern (a) and FTIR spectra (b) of Ni-Mg-Al HT 
 
3.2. HT activity 
 
 
Fig. 2. Percent increment of hydrogen production in relation to control of Ni-Mg-Al HT 
 
The addition of Ni-Mg-Al HT illustrated a better hydrogen yield as compared to the control (1.87 ± 
0.16 mol H2/mol sucrose). The amount of 250 mg/L Ni-Mg-Al HT was considered as optimum dose with 
hydrogen yield around 3.37 ± 0.17 mol H2/mol sucrose, which reached 80% higher than the blank tests. 
As can be seen in Fig. 2, cumulative hydrogen production was increased with addition of HT at all doses 
after fermentation time of 356 h. Ni-Mg-Al HT at 250 mg/L showed the highest hydrogen volume (215 
mL), 80% increment compared with the control (118 mL). According to Table 1, the modified Gompertz 
model fits to the experimental data well with R2 > 0.95. Ni-Mg-Al HT with concentration of 250 mg/L 
gave the highest rate of hydrogen production, about 1.4 mL H2/h. Apparently, higher hydrogen 
production rate was observed in samples containing HT. It should also be mentioned that the lag-phase 
time of samples using HT was also shorter than that of the control.  
 
 
(a) (b) 
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Table 1. Estimated parameters by modified Gompertz equation and hydrogen yield 
 
Dose 
(mg/L) 
Modified Gompertz model H2 yield 
(mol H2/mol sucrose) Hmax (mL H2) Rm (mL H2/h) λ (h) R
2 
0 117.7 0.8 11.02 0.96 1.87 ± 0.16 
83 141.9 1.0 6.18 0.99 2.21 ± 0.25 
167 177.5 0.9 3.58 0.99 2.87 ± 0.15 
250 215.0 1.4 2.59 0.98 3.37 ± 0.17 
333 153.4 0.8 3.07 0.98 2.25 ± 0.28 
417 136.8 0.8 1.56 0.98 2.03 ± 0.24 
 
In this research, Ni-Mg-Al HT, which had positive charge in the pH range from 5.5 to 3 and zeta 
potential of ± 30 mV, had a tendency to aggregate in the aqueous phase. Therefore, bacteria could 
immobilize on and contact with the substrate better. At the end of the fermentation process, final pHs of 
samples with and without Ni-Mg-Al HT were 3.41 and 2.86, respectively (data not shown). In general, 
use of large amount of HT will lead to increase in pH. This is due to the basic property of HT [8]. It was 
reported that the accumulation of VFAs during fermentation resulted in a decrease in pH, then inhibited 
hydrogen production. HT with its basic nature could keep pH not to decrease too much. However, when 
an excessive dose of 250 mg/L was added, there was a drop in hydrogen production during the first period 
due to the strong basic effect of HT. After that, hydrogen production was recovered by neutralizing 
produced VFAs [4].  
 
 
 
Fig. 3. Metal released concentration (a) and metabolites concentration (b) after fermentation with addition of HT 
 
During fermentation process, metals (nickel, aluminum, and magnesium) were released from Ni-Mg-
Al HT under acidic condition (Fig. 3a). The metals ion concentration in the solution increased with an 
increase in dose of applied HT. The addition of 83 to 417 mg/L Ni-Mg-Al HT caused metal leaching with 
increased concentrations from 17.98 to 77.72 mg/L for Mg2+, 6.24 to 24.9 mg/L for Al3+, and 9.84 to 
39.61 mg/L for Ni2+. Nickel is one of the fundamental elements of [Ni-Fe] hydrogenase. On the other 
hand, nickel is also a heavy metal, which can inhibit bacterial activities at high concentration [9]. For 
magnesium, it is one of the compositions of cell walls and membranes as well as important co-factor to 
activate 10 enzymes during glycolysis process. It can also stimulate cytochromes for facilitating electron 
transfer [10]. However, when an excess of ion concentrations was occurred, it would result in prohibition 
on hydrogen production.  
(a) 
(b) 
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As shown in Fig. 3b, after fermentation, remaining sucrose and VFAs, including lactic acid, acetic 
acid, and butyric acid were detected. No propionic acid was revealed in this study. This can be seen as an 
advantage for hydrogen generation. Addition of Ni-Mg-Al HT led to effective degradation of sucrose 
from initial sucrose concentration of 17,950 mg/L. At 250 mg/L of Ni-Mg-Al HT, complete conversion of 
sucrose was obtained, compared to 78% degradation of control sample. Concentrations of lactic, acetic, 
and butyric acid were 160 mg/L, 4661 mg/L, and 5625 mg/L, respectively. When a larger amount of HT 
was added, there was a dramatic drop in butyric and acetic acid concentrations. It can be attributed to a 
great amount of nickel and magnesium released from HT. There is a correlation between hydrogen 
production and produced VFAs. The production of lactic and propionic acid led to poor hydrogen 
production. Otherwise, acetic and butyric acid are favorable in hydrogen evolvement [11].  
 
4. Conclusion 
 
Ni-Mg-Al HT synthesized by co-precipitation method was investigated with various doses to enhance 
dark fermentative biohydrogen production. Obtained results revealed that 250 mg/L of Ni-Mg-Al HT was 
optimum dose with hydrogen yield of 3.37 ± 0.17 mol H2/mol sucrose. This was also corresponding to the 
lowest lactic acid concentration and the highest butyric and acetic acid concentration. In addition, the 
slow release of metals from HT can be seen as active species that could improve hydrogen production. 
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